In this paper canonical quantum gravity on noncommutative space-time is considered. The corresponding generalized classical theory is formulated by using the moyal star product, which enables the representation of the field quantities depending on noncommuting coordinates by generalized quantities depending on usual coordinates. But not only the classical theory has to be generalized in analogy to other field theories. Besides, the necessity arises to replace the commutator between the gravitational field operator and its canonical conjugated quantity by a corresponding generalized expression on noncommutative space-time. Accordingly the transition to the quantum theory has also to be performed in a generalized way and leads to extended representations of the quantum theoretical operators. If the generalized representations of the operators are inserted to the generalized constraints, one obtains the corresponding generalized quantum constraints including the Hamiltonian constraint as dynamical constraint. After considering quantum geometrodynamics under incorporation of a coupling to matter fields, the theory is transferred to the Ashtekar formalism. The holonomy representation of the gravitational field as it is used in loop quantum gravity opens the possibility to calculate the corresponding generalized area operator.
I. INTRODUCTION
A decisive problem in contemporary theoretical physics is the search for a quantum theory of general relativity. One of the most important approaches to formulate such a theory is the canonical quantization of gravity. In particular in its special manifestation as loop quantum gravity, which foundations have been developed in [1] , which has been reviewed in [2] , [3] , [4] , [5] for example, and which is based on the formulation of canonical gravity given in [6] , [7] , it is considered as a very promising candidate for a quantum theoretical formulation of general relativity.
Another important concept in the context of quantum gravity is noncommutative geometry, which goes hand in hand with the introduction of a minimal length scale appearing already at the classical level, which means before the quantization of the fields, and was first suggested in [8] . Accordingly, the concept of noncommutative geometry could lead to the possibility to circumvent the necessity of renormalization in quantum field theory and perhaps also in the usual field theoretic description of quantum gravity. The idea of noncommutative geometry can in principle also be extended to noncommuting momenta leading to the possibility to cure infrared divergencies besides ultraviolet divergencies [9] . If a formulation of quantum field theory, which is really satisfying, should only be possible on a noncommutative space-time, then also any approach to quantum gravity would have to be formulated on noncommutative space-time. Since the canonical quantization of general relativity is a very natural way to try to obtain a quantum description of general relativity, under this assumption it would indeed seem to be necessary to formulate canonical quantum gravity on noncommutative space-time. Various theories of gravity in the context of noncommutative geometry have amongst others been studied in [10] , [11] , [12] , [13] , [14] , [15] , [16] , [17] , [18] , [19] , [20] and cosmology on noncommutative space-time has been explored in [21] . Even certain ideas referring to quantum gravity have been explored with respect to noncommutative geometry, see [22] , [23] , [24] , [25] , [26] for example. However, canonical quantum gravity on a space-time with noncommutative coordinates as it is mentioned above has not been considered so far. It is the aim of this paper to formulate such a theory. By using the moyal star product, products of fields depending on noncommuting coordinates can be mapped to products of fields depending on usual coordinates. Accordingly it is possible to represent a field theory on noncommutative space-time as generalized field theory on usual space-time. To obtain the quantum theoretical setting of this theory, a generalized expression for the commutator of two operators on noncommutative space-time has to be derived, since an arbitrary commutator between quantities depending on noncommuting coordinates has to be extended as well, if it is reexpressed by quantities depending on commuting coordinates. This leads to a generalized quantization condition for the canonical quantization of field theories, which has to be used to quantize the generalized canonical theory of gravity. In accordance with that, to obtain the canonical quantum theory of gravity, it is not only necessary to transfer the usual canonical formulation of classical general relativity to a noncommutative space-time, but it is also necessary to extend the quantization condition. The modification of the quantization procedure implies generalized operators describing the corresponding kinematics of quantum gravity. Because of this and because of the extension of the classical theory, one obtains generalized quantum constraints and thus also generalized quantum dynamics. To formulate the generalized quantum constraints, the three metric representation of the generalized operators describing the gravitational field is used. Such a generalization of the quantization principle in canonical quantum gravity as it is implied by the noncommutativity of space-time presupposed in this paper, has in other manifestations been considered in [27] , [28] , [29] , [30] , [31] . A canonical noncommutativity algebra between the components of the gravitational field and the corresponding generalization of general relativity has been considered in [32] . After formulating the generalized canonical quantum theory of gravity by referring to quantum geometrodynamics, a transition to Ashtekars formalism is performed in this paper. The incorporation of matter is considered as well. Based on the corresponding holonomy representation of the gravitational field as it is used in loop quantum gravity, the generalized area operator can be determined, what is done in the last section.
II. THE NONCOMMUTATIVE GEOMETRY SCENARIO
As basic assumption, a space-time with coordinates fulfilling a canonical noncommutativity algebra is postulated. Accordingly the coordinates become operators, x µ →x µ , and they obey a commutation relation of the following form:
where θ µν is an antisymmetric tensor of second order rather than a constant what maintains Lorentz invariance. In accordance with the splitting of space-time into a spacelike hypersurface and a time coordinate, which will be presupposed in the next section, it will be made the assumption that only the components referring to the spacelike hypersurface at every point obey nontrivial commutation relations. This means that the noncommutativity algebra takes the following special shape, where only the spacelike components are incorporated:
The noncommutative geometry induced by the algebra (2) of course also leads to generalized properties of field theories formulated on a space-time with such coordinates. It is possible to represent a field theory according to (2) as generalized field theory on usual space-time. This can be done by mapping the appearing products of fields in such a theory, which depend on noncommuting coordinates, to generalized products of such fields depending on usual coordinates. The product of two arbitrary fields, φ(x) and ψ(x), depending on noncommuting coordinates, can be mapped to a generalized product of these fields depending on usual coordinates by using the moyal star product,
which was originally considered in [33] . The extended expression appearing in (3) of course depends on the noncommutativity tensor θ. Since the canonical formulation of general relativity is a field theory, its setting on noncommutative space-time can also be represented on usual space-time by using the moyal star product. This is considered in the next section. It is performed a calculation to the first order in the noncommutativity parameter θ.
III. CANONICAL GRAVITY ON NONCOMMUTATIVE SPACETIME
In the usual setting of the Hamiltonian formulation of general relativity, a foliation of space-time into a time coordinate τ and a three-dimensional spacelike hypersurface Σ has to be performed, τ × Σ. This implies a splitting of the metric tensor g µν according to
where h ab describes the three metric referring to the three-dimensional spacelike hypersurface Σ, N a denotes the shift vector and N describes the lapse function. Based on this representation of the metric tensor and thus the gravitational field, all other quantities are expressed. The corresponding canonical gravity theory on noncommutative space-time is obtained by replacing all usual quantities by quantities depending on noncommutative coordinates and mapping the appearing products of these quantities to generalized products of usual quantities by using the moyal star product. The moyal star product can be represented as a series expansion in the noncommutativity parameter θ according to the expression given in (3) . In this paper is performed a calculation to the first order in the noncommutativity parameter θ. In the considerations below, A θ0 describes the part of the generalization of an arbitrary quantity A, which does not depend on the noncommutativity parameter θ and A θ1 describes the part of the quantity depending on the noncommutativity parameter θ to the first order. All quantities appearing in the Hamiltonian formulation of general relativity corresponding to the foliation of space-time and the corresponding splitting of the metric field (4) have to be transferred to noncommutative space-time and then mapped to usual space-time. In this paper is made the presupposition that the expressions obtained from the usual metric (4) are transferred to noncommutative space and not already the products appearing in (4) are transferred to noncommutative space-time. The generalized expressions on noncommutative space-time are obtained by replacing the usual product between the quantities through the star product (3) . If expressions already contain other quantities containing products by themselves, then the corresponding generalized expressions have to be inserted and of course all resulting terms of higher order have to be neglected. Accordingly the Einstein-Hilbert action on noncommutative space-time reads
Since this expression (7) describing the generalized derivative of the three metric h ab with respect to the time coordinate τ , contains itself already a generalized expression, the covariant derivative D θ a being defined by the generalized spin connection ω θ i aj , this generalized quantity on noncommutative space-time has to be calculated to make (7) be defined. The covariant derivative, which has already been used in (7), applied to an arbitrary vector is given by
where the spin connection can be determined as 
The generalized parts of the Christoffel symbols, Γ 
If these star products are calculated explicitly, one obtains the following expressions:
where the generalized expression G θ abcd and its components read as following:
In (11) has been used the symmetry G θ abcd = G θ cdab . However, since in the Einstein-Hilbert action on noncommutative space-time (5), the products between the Lagrange multipliers N and N a and the components of the Hamiltonian density formulated on noncommutative space-time,H θ τ andH θ a , are replaced by star products as well, leading to additional terms, the Hamiltonian and the diffeomorphism constraint of the canonical formalism of gravity on noncommutative space-time are not determined completely by referring to them. This is the reason why they have been written by using a bar. There have to be defined generalized expressions of the components of the Hamiltonian density instead, which are obtained by varying the generalized Einstein-Hilbert action with respect to the Lagrange multipliers N and N a . This leads to the complete Hamiltonian and diffeomorphism constraint in the noncommutative canonical gravity theory,
To obtain the generalized expression of the Ricci-scalar appearing in the components of the Hamiltonian, the Riemann tensor on noncommutative space-time has to be determined and therefore the corresponding Christoffel symbols, which have already been used in (9) , have to be calculated first. They are given by
The Riemann tensor accordingly reads as follows:
and this means that the Ricci tensor reads as follows: 
The Ricci scalar can finally be determined to 
This means that the decisive quantities of the canonical formulation of canonical gravity on noncommutative spacetime have been represented on commutative space-time by using the moyal star product (3) and presupposing a consideration to the first order in θ. To obtain the corresponding quantum theory, it is inevitable first to consider the general idea of canonical quantization on noncommutative space-time, which is directly related to the generalization of the formulation of commutators on noncommutative space-time.
IV. CANONICAL QUANTIZATION ON NONCOMMUTATIVE SPACE-TIME
To obtain the corresponding quantum theory of a theory on noncommutative space-time by referring to canonical quantization, the quantization rules on a noncommutative space-time have to be determined first. The appearance of a generalization of the quantization of a theory arises from the generalized properties of commutators according to the star product. The transition to noncommuting coordinates implies an analogous transition of the commutator between to arbitrary field operatorsÂ andB:
where Â ,B =ÂB −BÂ. The generalized commutator appearing in (18) can be calculated in dependence on the usual commutator and the noncommutativity parameter θ by using the moyal product (3) as follows:
where Â ,B =ÂB +BÂ. This means for the canonical quantization of a scalar field φ and its canonical conjugated quantity π φ ,
This generalization of the quantization rule according to (20) can be realized by the following representation of the operatorsφ andπ φ :
The validity of the representation of the canonical conjugated field operator in (21) can be seen, if one calculates the commutator between the field operator and its canonical conjugated operator in the representation (21),
where has been used the relation
If one now inserts the representation of the operators (21) to the right hand side of (20) , one obtains:
Thus both sides of (20) are equal and therefore the commutator is fulfilled by the representation (21) . In the second step of (23), the anti-commutator has been replaced by the doubled product of the expressions within it. The possibility to perform this replacement arises from the vanishing variation of the derivative of a field with respect to the field what can be seen as follows:
Because of the generalization of the expression of an arbitrary commutator according to the noncommutativity of the coordinates (19) , the commutation relations between the Hamiltonian expressions have to be generalized as well. If the Hamiltonian of an arbitrary field theory is given bŷ
Remember that the expressionsĤ θ τ as well asĤ θ a determine the Hamiltonian and the diffeomorphism constraint with respect to the relations given in (13).
V. QUANTUM GEOMETRODYNAMICS ON NONCOMMUTATIVE SPACE-TIME
If the dynamical quantities of general relativity on noncommutative space-time shall be quantized canonically, the usual commutator has to be generalized according to the general transition rule, (18) with (19) . This leads to the following quantization condition for the variables of quantum geometrodynamics, h ab and π ab :
The corresponding representation of the operators appearing in (27) in the three metric space is given bŷ
where has been introduced the new tensor X , which is a tensor of eight order over the vector space of three vectors referring to the three dimensional submanifold Σ. If A and B are assumed to be two arbitrary tensors of second order over the same vector space, then the components of X , X abcd ef gh , are defined by the following relations:
The validity of the representation of the operators of quantum geometrodynamics on noncommutative space-time, which is given in (28) , is shown in analogy to (22) and (23) by calculating the commutator betweenĥ ab (x) andπ cd (y) in the representation (28),
where again has been used the relation
, and inserting (28) also to the right hand side of (27),
Since the result of (30) is equal to the result of (31), (28) yields the correct representation of the operators defined by (27) . To obtain the subspace of states, which are dynamically valid, the constraints have to be implemented, which are obtained by converting the classical constraints (13) to operators, which act on the quantum states referring to the gravitational field. And to perform this procedure, the Hamiltonian expressions reformulated on noncommutative space-time (11) have to be inserted to the constraints on noncommutative space-time (13) . Remember that the generalized Hamiltonian expressions are not equivalent with the generalized constraints, because of the star product with the Lagrange multipliers within the generalized action. After this the transition takes place by replacing the dynamical quantities h ab and π ab within the classical constraints, (13) with (11) inserted, by the corresponding operators and accordingly leads to the following quantum constraints: 
If the concrete representations of the operators given in (28) are inserted to (32) , then the quantum constraints of canonical quantum gravity on noncommutative space-time to the first order in the noncommutativity parameter θ read as follows:
Note, that the dependence of the field quantities on the coordinate is explicitly written in all expressions like (33) containing the representation of the operators of the scalar field or the gravitational field respectively. This is because the representation of the canonical conjugated quantity to the fields contains an integral over the variation with respect to the field on a certain point and therefore the variations with respect to the fields depend on the parameter the integral refers to instead of the point the complete field operator representation refers to. In case of all the other expressions all quantities directly depend on the same space-time point parameter and therefore it has not to be written explicitly.
VI. COUPLING TO MATTER
In the last section quantum geometrodynamics on noncommutative space-time has been formulated. But the coupling of matter fields to the gravitational field has been omitted so far. Therefore the question remains how the canonical quantum theory of gravity on noncommutative space-time looks like under incorporation of the coupling to matter fields. In this section an arbitrary scalar field coupled to the gravitational field shall be considered. To incorporate the quantum description of a scalar field to the quantum description of general relativity according to quantum geometrodynamics, it has to be treated in the Hamiltonian formulation as well. In the canonical formulation a scalar field on noncommutative space-time is described by the following Hamiltonian:
The corresponding constraints are obtained by varying the Hamiltonian describing a scalar field on noncommutative space-time (34) with respect to the Lagrange multipliers. This is completely analogue to the case referring to the gravitational field (13) with the difference that here the components of the usual Hamiltonian density on noncommutative space-time, which correspond to (11), have not been determined separately. Thus the constraints in its classical manifestation read
and if the variations with respect to the Lagrange multipliers are calculated explicitly, this leads to the following classical constraints for the scalar field:
These constraints can in complete analogy to the case of the gravitational field, (32) and (33), be converted to the corresponding quantum constraints by using the quantization rule (20) and the corresponding representation of the operators (21) and inserting them into (36) . This leads to the following expressions for the quantum constraints referring to the scalar field:
The complete constraints are then obtained by adding the quantum constraints of the matter field (37) to the quantum constraints of the gravitational field (33) and leads to the following equations:
where the components of the Hamiltonian density are defined explicitly in (33) and (37) . This means that for the case of a scalar field the complete constraints containing the interaction between the scalar fields as matter fields and the gravitational field have been obtained. This holds at least for the framework of quantum geometrodynamics. In the next section the description of canonical quantum gravity on noncommutative space-time will be extended to the Ashtekar formalism on which loop quantum gravity is based on.
VII. TRANSITION TO THE ASHTEKAR FORMALISM
The description of canonical quantum gravity on noncommutative space-time can analogously be obtained within the setting using Ashtekars variables. In this formalism a special representation of the spin connection is the decisive dynamical quantity, which is defined by the relation
where β denotes the Immirzi parameter and Γ i a is defined by the relation
ǫ ijk denotes as usual the complete anti-symmetric tensor of third order. The canonical conjugated quantity to the connection is given by a generalized version of the triad. If the triad is defined by the relation
then the generalized triad representing the canonical conjugated quantity to the connection is given by
To obtain the generalized quantum theory on noncommutative space-time, the quantization principle has to be generalized in analogy to quantum geometrodynamics (27) and thus in accordance with the generalization of commutators on noncommutative space-time given in (19) . This means that the commutation relation between the operator referring to the connection,Â i a , and the operator referring to the canonical conjugated quantity,Ê a i , has to be assumed to be of the following shape:
The corresponding representation of the operators fulfilling the generalized quantization principle (43) in the connection space is in analogy to (28) given bŷ
The calculation of the validity of the representation (44) is completely isomorphic to the case of quantum geometrodynamics given in (30) and (31) and therefore it is not written down separately. To obtain the generalized quantum Hamiltonian and diffeomorphism constraint, the field strength tensor referring to the connection A i a on noncommutative space-time has to be determined first. By using again the moyal star product (3) the generalized field strength tensor can be calculated to
In the Ashtekar formalism appears besides the Hamiltonian and the diffeomorphism constraint, the Gauss constraint, which has to be generalized as well. In the usual setting it is given by
In case of noncommutative geometry the Gauss constraint (46) has to be generalized to
The quantum theoretical version of the Gauss constraint in case of a noncommutative space-time (47) is accordingly obtained by converting the variables of gravity in the Ashtekar formulation appearing in (47) to the corresponding operators and inserting (44) to (47) . This procedure leads to the following manifestation of the generalized quantum Gauss constraint:
The components of the Hamiltonian in the Ashtekar formalism formulated on noncommutative space-time read
But as in case of quantum geometrodynamics the components of the Hamiltonian formulated on noncommutative space-time do not represent the complete constraints on noncommutative space-time, since because of the moyal product with the Lagrange multipliers, the complete constraints are given by (13) . Accordingly the complete constraints can be determined by inserting (49) to (13) and accordingly they read as follows:
The corresponding quantum constraints are then obtained by converting the dynamical quantities to operators and using (44) in the resulting expression,
VIII. HOLONOMY REPRESENTATION AND AREA OPERATOR
In the last section canonical quantum gravity based on Ashtekars variables on noncommutative space-time has been explored. In this section is considered the holonomy representation of the gravitational field corresponding to the Ashtekar formalism as it is used in loop quantum gravity. This means that the generalized quantum description of general relativity developed in the last sections is considered with respect to the holonomy representation. A generalization of a quantum description of general relativity in the context of loop quantum gravity being based on a generalization of the description of the classical metrical structure has been explored in [34] . However, by referring to this holonomy representation and presupposing the generalized operators of Ashtekars variables on noncommutative space-time, which have been given in (44) and represent the generalized quantization rule (43) , it is possible to calculate a generalized area operator according to the generalization of the quantum description of general relativity induced by the noncommutativity of space-time. The area operator and the volume operator in the context of loop quantum gravity have been considered in [35] for the first time. Further studies concerning the area operator can be found in [36] , [37] , [38] and concerning the volume operator in [39] , [40] , [41] , [42] . In this paper the considerations will remain restricted to the area operator. The holonomy corresponding to the connection A i a representing the gravitational field along a curve described by the coordinates γ a (s) in dependence on the parameter s is given by
where the τ i describe the generators of the SU (2). Accordingly for the holonomy holds:
and it fulfils the following relation:
The smeared out version of the canonical conjugated operator to the connection operator,Ê a i namely, where it is integrated over a surface S embedded in the space-like three-dimensional submanifold Σ, is in its generalized shape on noncommutative space-time being based on the representation (44) given by the following expression:
where the three vector n a ( σ) is defined as follows:
The embedding is defined by the mapping:
. To obtain the expression, which arises, if the smeared out version of the canonical conjugated operator is applied to the holonomy of the connection and thus of the gravitational field, it is necessary to consider the application of the derivative with respect to the connection to the holonomy, which is determined by the relation
where γ 1 and γ 2 denote the two sections of the curve γ, if it is divided by the point, where x is equal to γ(s).
The relation (56) has been calculated in [43] and can also be found in [44] and [45] . It shall now be considered the application of (54) to the holonomy along a curve γ under the precondition that γ intersects S at one single point p.
By using the relation (56), it is possible to calculate the expression arising through application of the operator (54) to the holonomy (52). Since in (54) the derivation with respect to the connection appears quadratically, the calculation becomes much more intricated in case of a noncommutative space-time as it is presupposed here. Application of the operator (54) to the holonomy (52) yields the following expression:
The right hand side of (57) has now to be calculated by using the relation (56) for the application of the variation with respect to the connection to the holonomy and simplifying the obtained expression. This leads tô
In (58) with respect to the second application of the variation with respect to the connection has been used the assumption that the intersection point p belongs to the first section of the devision of γ, γ 1 namely. In the last step has in the term depending on the noncommutativity parameter θ been used partial integration with respect to z and the fact that because of the delta function the expression within the integral vanishes at the boundary of the integral. Since the derivative does not act then on the delta function anymore, but on the other terms the integral refers to, the z-integral breaks down because of the delta function. The first expression in the bracket of the last step of (58) corresponds to the usual expression without generalization, which is well-known in the literature, see [44] or [45] for example, and can as usual be determined to:
where has to be used the following substitution of variables: (σ 1 , σ 2 , s) −→ (x 1 , x 2 , x 3 ) and accordingly the relation:
The second expression of course arises from the special assumption of a noncommutative space-time and is accordingly characteristic for the generalization of this paper. The calculation of this second expression is much more intricated,
In the first step of (61) has again been used partial integration and the fact that because of the delta function the expression within the integral vanishes at the boundary of the integral and the expression has been reordered with respect to its factors. After this, in the second step, has been applied the definition of the components X abcd ef gh of the tensor X , which are given in (29) , and the Kronecker deltas have been contracted. Then, in the third step, three of the integrals have been solved in analogy to (59) by applying (60) with s replaced by s ′ and another reordering has been taken place. Finally, in the last two steps, the remaining integral has been solved. This means that the application of the smeared out version of the canonical conjugated operator to the holonomy of the connection is given bŷ
To obtain a gauge invariant expression, the operator (54) has to be considered quadratically and thus it has to be applied another time to the holonomy. This means nothing else but that the relation (62) is iterated and yieldŝ
where has been used that the second application to the operator (54) only acts on the holonomy referring to the first section of the devision of γ, since the point P belongs to this section, γ 1 namely. A spin network state is defined as
where the transformation operator R I αβ (U [α, γ]) describes the holonomy along the curve γ in the irreducible representation corresponding to the spin I. It is assumed that the spin network S intersects the surface S at a single point p. The application of the square of the smeared out operator (54) to a spin network state leads to 
where the λ (I)
ijk denote the structure constants of the Lie Algebra describing the symmetry group defining the space of the spin I. The first relation of (66) is also used in the usual case, whereas the Lie Algebra is only needed with respect to the generalization term. If there is assumed that the spin network S intersects S at a finite number of points N , then the expression of the area operator applied to a spin network state is given bŷ This means nothing else, but that the generalized version of the area operator in loop quantum gravity on noncommutative space-time has been determined by considering a calculation to the first order in the noncommutativity parameter θ. The calculation has been performed in complete analogy to the usual case by using the generalized representation of the smeared out version of the canonical conjugated operator to the connection operator according to the generalization of the quantization of the gravitational field on noncommutative space-time.
IX. DISCUSSION
In the present paper canonical quantum gravity on noncommutative space-time has been considered. This theory represents a combination of two very important concepts in contemporary fundamental theoretical physics, the canonical quantization of general relativity on the one hand and noncommutative geometry on the other hand. The presented theory is based on Hamiltonian gravity on noncommutative space-time formulated by using the moyal star product to represent the expressions depending on noncommuting quantities to quantities on usual space-time. Although the transition to the corresponding quantum theory is performed as usual by postulating canonical commutation relations between the quantity describing the gravitational field and its canonical conjugated quantity, the quantization condition has to be generalized because of the necessity to generalize commutators on a noncommutative space-time. After the formulation of the canonical quantum theory of quantum geometrodynamics on noncommutative space-time under incorporation of a coupling to a matter field, the Ashtekar formalism has been considered. In both cases the generalized expressions of the representations of the operators with respect to the field and the corresponding quantum constraints have been given. To formulate the representation of the operator describing the canonical conjugated quantity, it was necessary to introduce a special tensor of eight order. At the end, the holonomy representation corresponding to the connection in the Ashtekar formalism, on which loop quantum gravity is based on, has been used to calculate the generalized area operator in case of noncommutative geometry. This calculation has been performed to the first order in the noncommutativity parameter θ as all calculations in this paper. In this approximation the generalized area operator in loop quantum gravity on noncommutative space-time has finally been determined. The generalized quantization principle as basic constituent of the presented theory, which is implied by the direct combination of the assumption of noncommutative geometry and field quantization, is a different version of a generalized quantization principle as it has been considered with respect to the variables of quantum mechanics as generalized uncertainty principle [46] , [47] , [48] and in quantum gravity [27] , [28] , [29] , [30] , [31] . Usually, noncommutative geometry is mainly interpreted as a possible extension of the structure of space-time, which could possibly cure the appearance of divergencies in quantum field theory, since the presupposed noncommutative geometry implies the existence of a minimal length. This is in particular very interesting with respect to the attempt of a description of quantum gravity in the framework of usual quantum field theory because of its nonrenormalizability, which could be omitted by the appearing minimal length. However, if this would be true, then it has in an analogous way to be possible, to give a corresponding canonical formulation of quantum gravity on noncommutative space-time. This has been done in this paper. It remains an open task and would lead to very interesting projects for further research to consider extended theories like canonical quantum supergravity on noncommutative space-time.
